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PREFACE 


The need for an appropriate balance between coal and minerals development activities 
and fish and wildlife resources has never been greater. Americans are aware of the urgent 
need for greater productivity from existing mines and the need to rapidly develop new mines. 
On the other hand it is our intent to protect the current stock of biological resources and 
where possible to create new habitat for fish and wildlife through sound planning for mine 
land reclamation. However, for many administrators and scientists, little consolidated 
information specifically related to fish and wildlife concerns is available for use in 
national and regional planning for development of mineral extraction facilities. 


Beginning in early 1980, the Eastern Energy and Land Use Team, Office of Biological 
Services, U.S. Fish and Wildlife Service, in cooperation with Oak Ridge National Laboratory 
(Department of Energy), initiated development of this atlas depicting the Fish and Wildlife 
Service's Important Resource Problem Areas (IRPs) and 12 important mineral commodities. The 
information, presented on 20 semi-transparent maps and in this accompanying descriptive text, 
should be especially useful to administrators at national and regional planning levels. The 
Atlas will facilitate recognition of desired balanced objectives for fish and wildlife and 
mineral resources. 
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SUMMARY 


This atlas highlights areas in the conterminous United States of potential 
concern involving coal and minerals development activities and fish and wildlife 
resources, in particular the Important Resource Problem Areas (IRPs) designated in 
1980 by the U.S. Fish and Wildlife Service (FWS) as areas of emphasis in policy making. 
National and regional administrators and planners have need of such information due to 
several national, state, and local laws which currently require landowners to minimize 
disturbances and adverse impacts on fish and wildlife resources and protect and enhance 
these resources where practicable. This atlas serves as an initial screening tool 
for planners and administrators to help define areas that may require further analysis 
prior to development. 


The atlas consists of two parts. The first part is a series of twenty 
1:7,500,900-scale county-level resolution maps of the conterminous United States 
that depict denosits of selected mineral resources (coal, copper, geothermal resources, 
gold, iron, molybdenum, nickel, oi] shale/tar sands, peat, phosphate, silver, and 
uranium), FWS IRPs, Federal Endangered and Threatened Animal Species, and county 
names. By overlaying a wildlife map onto a mineral map, counties containing both 
mineral and wildlife resources will be highlighted, thus serving as an initial 
screening tool to help define areas of concern. The maps can also be used with a 
variety of other 1:7,500,900-scale maps, such as those in The National Atlas of 
the United States of America (USGS 1970). The second part of the atlas is a text 








that serves to orient the reader as to the use of the 29 maps and contains hackground 
information on IRPs, the mineral commodities, and environmental impacts of mineral 
mining activities, as well as appendices that tahulate the information found in the 


20 maps. 
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INTRODUCTION 


Approximately 1.5 million hectares (3.7 million acres) of 
land in the United States have been disturbed by surface mining 
between 1930 and 1971 (Paone et al. 1974). This extensive area 
indicates that potentially serious problems exist for fish and 
wildlife populations on these lands. In addition, underground 
mining causes untold impacts to off-site lands and grcund water 
resources. Whether the disturbance is localized or widespread, 
the total effect is to reduce the amount of available habitat 
for fish and wildlife and often to render the land and water 
unfit for healthy, productive fish and wildlife populations. 
Thus, administrators and regional planners have a need for 
information that documents areas of possible concern due to 
coincidence of minerals development activities and fish and 
wildlife resources. With impending new exploration and mining 
to supplement future strategic and critical mineral resource 
needs (Terre'! 1°53), broad scale planning tools, such as this 
atlas, will be of increasing use fur years to come. 


This atias of fish and wildlife Important Resource Problem 
areas (IPs) and 12 selected mineral commodities provides 
national and regional administrators and scientists with a ready 
reference document for land use planning purposes. The U.S. 
Fish and Wildlife Service (FWS) recognized 78 IRPs (Appendix A) 
as of June 1980. These IRPs, each assigned a given rank from 1 
to 78, are described in the U.S. Fish and Wildlife Service IRP 
Source Document \;WS 1980b) and are depicted in a genera) ized 
wap of the United States (including Alaska, Hawaii, Puerto Rico, 
and the Virgin Islands)(FWS 1980a). To date however, no 
published information on IPPs includes the particular counties 
involved (highly important to national and regional planners), 
and available maps are not drawn in a commonly used scale (e.g. 
1:7,500,000). Also, various categories of fish and wildlife 
(fish, amphibians, reptiles, hirds, mammals, and invertebrates) 
and threatened and endangered species are not mapped. There- 
fore, it is difficult to define possible areas of concern where 
mineral commodity developments may impact fish and wildlife 
habitat. 


To depict counties of interest, data for the mineral 
resources, IRPs, and threatened and endangered species in the 48 
conterminous United States were compiled into the Geoecology 
Data Base (Olson et al. 1980) at Oak Ridge National Laboratory, 
Oak Ridge, Tennessee (the Geoecology Data Base does not include 
Alaska, Hawaii, and U.S. territories; thus the scope of this 
atlas is limited to the conterminous United States). The use of 
this data base in conjunction with a computer mapping program 
(Coleman 1978) resulted in the pen of county level maps. 
Maps of the IRPs and the mineral commodities provide the 


national and regional planner with an easy to use representa*:ion 


of the data that can be overlaid in any desired fashion to 
assist in identifying areas of concern. This will help achieve 
the desired balance between fish and wildlife habitat preser- 
vation and needed mineral development projects. 


The need for the kind of data presented in this atlas 
resulted from several national, state, and local laws dealing 
with fish and wildlife protection and enhancement in relation to 
surface mining. The “Surface Mining Control and Reclamation Act 
of 1977" (SMCRA), Public Law 95-87, and its supporting Regula- 
tions (March 1979) emphasize the need to minimize surface mining 
impacts to fish and wildlife populations ard to return the 
reclaimed habitat to productive uses, including fish and wild- 
life habitat among une alternatives. Enhancement of fish and 
wildlife habitat and protection of the biota before and during 
mining and consideration cf post-mining reclamatic.« also are 
addressed in the Act. Several sections of the Regulations of 
SMCRA that concern fish and wildlife were remanded by Federal 
District Court, and thus reference to these sections is inappro- 
priate at this time. However, it is well documented that the 
mining industry and states have supported enhancement of fish 
and wildlife on mined lands where possible; and there are 
te many surface mining programs which benefit fish and 
wildlife. 


In addition to SMCRA, there are other noteworthy federal 
and state laws relating to surface mining of minerals. For 
example, pursuant to the Mineral Leasing Act of 1920, the U.S. 
Forest Service is responsible for leasing and land management of 
National Forest lands (Plantico, in prep.); and -- within the 
U.S. Department of the Interior -- the National Park Service, 
the Bureau of Land Management, and the Geological Survey partici- 
pate in lease management, pursuant to the same law. The Bureau 
of Land Management adminis zers public mineral resources through 
several laws. The U.S. Army Corps of Engineers and U.S. Environ- 
mental Protection Agency administer dredge and fill and water 
quality and quantity permits relating to surface mining. State 
programs have been established to enforce and monitor surface 
mining discharges. The U.S. Fish and Wildlife Service, in 
addition to advising the above say te manages land incor- 
porated into the Natiunal Wildlife Refuge System. Unlike the 
western United States, where much of the land used for mineral 
development is administered by federal agencies, most miniig in 
the eastern United States is on private lands under the regula- 
tion of state and local laws. Detailed discussion of federal 
and state laws involving fish and wildlife resources are 
contained in several documents (e.g. Plantico, in prep.) and 
numerous documents available from the various agencies. 











ATLAS MAPS 


The atlas consists of two parts: a series of twenty 


1:7,500,000-scale maps; and this text which serves to orient the 
The twenty 1:7,500,000-scale maps (Table 
1) portray, on a county level of resolution, distributions of 
selected mineral resources (Maps 1-12) and fish and wildlife 
resources (Important Resource Problems, Maps 13-18; and Federal 
Endangered and Threatened Animal Species, Map 19), with Map 20 
identifying county names. Areas of overlap between a wildlife 
resource and a mineral resource will be highlighted by over- 
laying a wildlife map onto a mineral map, or vice versa (or by 
overlaying the Important Resource Problem Area transparency, 
supplied inside the back cover of this document, onto Figures 
Thus the maps serve as an intitial screening too] for 


sser to the 20 maps. 


4-15). 


planners and administrators to help define areas that may 
require further analysis prior to development. 





Table 1. Titles of 1:7,500,000-scale national maps. 





No. 


1* 
2* 
3* 
4* 
5* 
6* 
7* 
§* 
9* 
10* 
11* 
12* 
13* 
14 
15 
16 
17 


18 
19* 
20 


Title 


Coal Reserves 

Copper Deposits 

Geothermal Resources 

Gold Deposits 

Iron Deposits 

Molybdenum Deposits 

Nickel Deposits 

Oi] Shale and Tar Sands Deposits 

Peatlands 

Phosphate Deposits 

Silver Deposits 

Uranium Deposits 

FWS Important Resource Problem Areas 

FWS Important Resource Problem Areas, Birds 

FWS Important Resource Problem Areas, Fish 

FWS Important Resource Problem Areas, Invertebrates 

FWS Important Resource Problem Areas, Amphibians and 
Reptiles 

FWS Important Resource Problem Areas, Mammals 

Federal Endangered and Threatened Animal Species 

County Names 





* Maps also contained in this text. 


Counties were chosen as well-defined geopolitical units and 
are particularly relevant because many planning and permitting 
processes occur at that level of government. Counties also 
serve as spatial units for many data files and can be easily 
mapped with computer programs. Unfortunately the large size of 
some counties, especially in the west, can give a distorted 
visual impression of some parameters. Most of the maps indicate 
simply the presence or absence of an attribute within counties. 
Therefore, even if the occurrence of an attribute is restricted 
to a small portion of a county, the map may give the impression 
of a much larger occurrence. However, many of the attributes, 
such as species’ ranges or peat deposits, are not well defined. 
Thus a county-level distribution may very well represent a good 
approximation of these distributions. Nevertheless, as a result 
of these factors, care should be taken in making specific inter- 
pretations from the maps. 


There are 3,071 county units in the conterminous United 
States as defined in this study. Map 20 identifies county names 
for the conterminous United States. Appendix C contains these 
county names in addition to Federal Information Processing 
Standards (FIPS) codes (USDOC 1973). These codes are generally 
odd numbers assigned sequentially to counties arranged alpha- 
betically within a state. Also in Appendix C are listed the 
IRP's and minerals occurring within each county. Yellowstone 
National Park was excluded from the maps since it is a separate 
county unit exempt from minerals exploitation. The maps were 
generated with the EZMAP program (Coleman 1978) developed by the 
Geographic Systems Group for use at Oak Ridge National Laboratory. 
The IRP and minerals data files were added to the Oak Ridge 
National Laboratory Geoecology Data Base (Olson et al. 1980) 
which contains extensive county-level data for environmental 
attributes in the conterminous United States. These paramenters 
include endangered and threatened spvcies, bird and mammal 
distributions, vegetation, forestry, egriculture, terrain, 
climate, and land use. Therefore, additional environmental 
parameters can be easily integrated into future studies to 
investigate habitat characteristics of each IRP and potential 
effects of minerals exploitation. 


The use of 1:7,500,000 scale maps permits comparison with 
numerous other maps that are available at that scale. Examples 
of such maps are: Water Resources Aggregated Subregions (USWRC 
1977); Ecoregions of the United States (Bailey 1976); Ecosystems 


of the United States (USFS 1978); and many maps in The National 
Atlas of the United States of America (USGS 1970), Including 
maps concerned w andforms, soils, vegetation, surface and 
ground water, forest types, land use, minerals, population, 
federal lands, and many other subjects. 
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Figure 1. U.S. Fish and Wildlife Service Regions. 
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IMPORTANT RESOURCE PROBLEMS (IRPs) 


In September 1979, the U.S. Fish and Wildlife Service (FWS) 
of the Department of the Interior developed the concept of 
National Important Resource Problems (IRPs). IRPs are simply 
defined as those fish and wildlife resources having significant 
problems in specific geographic areas. Each IRP indicates that 
a certain species or community of species in a given area is or 
will be under significant stress. This represented a coor- 
dinated attempt to identify program priorities so that FWS 
efforts can be focused on areas of critical need. The IRP 
concept is not by any means intended to be an exclusive 
statement of FWS Habitat Preservation activities, but rather to 
define areas of emphasis for FWS activities (FWS 1980a, 1980b). 


On the basis of a series of ranking factors, FWS assigned 
priorities to 70 IRPs nationwide. This list was revised in June 
1980 to a total of 78 IRPs (Appendix A). The nationally ranked 
list was formulated from a larger group of IRP proposals 
determined by the seven FWS Regions (Figure 1) and FWS Research 
Division. Most IRPs involve aspects of habitat such as physical 
destruction, chemical contamination, and/or reduction in water 
quantity and/or quality (FWS 1980a). The key ranking factors 
included (FWS 1980b): 


* Current status of population; 

* Current status of habitat (of target 
species); 

* FWS responsibilities for protection, 
management, or restoration of the 
resource; 

* Resource value to humans (e.g., 
recreational or commercial] benefits); 

* Magnitude of potential loss; 

Immediacy of threat; 

* Desired objective for IRP (i.e., desired 
quantity or quality of species popula- 
tion or human use levels). 


* 


Thus, the priority ranking of the IRPs reflects their 
perceived importance in terms of the fish and wildlife resources 


for which FWS has a responsibility (FWS 1980b). Continuing 
reviews and updates will improve the validity and precision of 
the work. 


Of the 78 IRPs, 63 are located within the 48 conterminous 
United States. Four of these -- acid rain, lead poisoning in 
migratory birds due to use of lead shot by hunters, migrator 
bird diseases (avian cholera and duck virus enteritis or DVE), 
and impacts of exotic fish on native endangered fish species -- 
are national in scope and not relevant to problems resulting 
—* — — activities. Thus, 59 IRPs are within the scope of 
this atlas. 


Maps 13-18 (Figure 2). Geographical distributions of the 
IRPs at county-level resolution were determined from FWS maps 
(FWS 1980b) by noting all counties that are totally or partially 
occupied by an IRP. For IRPs that are primarily concerned with 
rivers, counties on both river banks are included; adjacent 
shoreline counties are included for open water IRPs (e.9., Great 
Lakes, oceans, Gulf of Mexico). Concurrence with these distri- 
abbr was provided by FWS Regional Offices and FWS Research 
Division. 





Map 13 (and Figure 2) is a composite county-level map of 
IRPs in the 48 conterminous United States; a transparency of 
Figure 2 is provided for use as an overlay with the other maps 
(Figures 1, 3-15) in this text. Maps 14-18 are concerned with 
single major groups of animal species associated with the IRPs 
(see Table 1) and are not reproduced in this text. IRPs are 
listed by associated animal type in Appendix B. Appendix C 
lists all counties in the conterminous United States along with 
associated IRPs and minerals. 


It should be noted that the FWS Headquarters, Washington, 
D.C., has issued a set of 8" X 11" IRP maps, which were 
prepared for general national and regional planning. These 8" 
x 11" maps are not as accurate as the IRP maps contained in this 
atlas, which have been reviewed by the FWS Regional Offices and 
contain more detail. 
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ENDANGERED AND THREATENED ANIMAL SPECIES 


The present listing of endangered and threatened species is 
a result of the Endangered Species Act of 1973, Public Law 
93-205. This act provides for the conservation of endangered 
(in danger of extinction) and threatened (those not presently in 
danger of extinction but likely to become so) species of fish, 
wildlife, and plants by federal action and by encouraging the 
development of state programs. The Act authorizes determination 
and listing of endangered and threatened species (including 
foreign species) and the portion of their ranges where such 
status exists; prohibits unauthorized taking, possession, sale, 
transport, importing, etc., of endangered species; authorizes 
acquisition of land for the conservation of listed species with 
land and water conservation funds; and authorizes the assessment 
of civil and criminal penalties for violating the Act or 
regulations (FWS 1979; Clark 1979). In addition, Section 7 of 


the Endangered Species Act requires that any federal action not 
jeopardize the existence of listed species nor modify their 
critical habitat. In November 1978, Public Law 95-632 made 
extensive revisions to the 1973 Act. Among these revisions was 
establishment of a process whereby federal agencies may obtain 
an exemption from the requirements of Section 7 (FWS 1979). The 
most recent listing of federal endangered and threatened animal 
species was published on May 20, 1980 (FWS 1980c). 


Map 19 (Figure +). Federal endangered and threatened 
animal species distribution data for the conterminous United 
States were compiled from the United States Endangered Spe-ies 
Distribution file (Nagy and Calef 1979). The distribution 
depicted on Map 19 reflects the May 20, 1980, listing of federal 
endangered and threatened animal species (FWS 1980c). 
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MINERAL RESOURCES AND ENVIRONMENTAL IMPACTS OF MINING ACTIVITIES 


Sixteen mineral commodities were chosen for inclusion in 
the atlas. These commodities were chosen because: |°) they 
were emphasized, because of their long-range importyme to fish 
and wildlife habitat, by the Minerals Project, Office of 
Biological Services, U.S. Fish and Wildlife Service, Wasiington, 
DC; and/or (2) they are ot considerable economic importance; and 
(3) data bases containing information concerning their distribu- 
tion were readily available. County-level distributions of 12 
of these commodities -- coal, copper, geothermal resources, 
gold, iron, molybdenum, nickel, oi] shale/tar sands, peat, phos- 
phate, silver, and uranium -- are depicted on Maps 1-12. The 
selection of only 12 minerals for mapping was based largely on 
the existing data bases showing reserves by county, and on 
funding limitations. The other four commodities -- kaolin, 
limestone and dolomite, sand and gravel, and zinc -- are treated 
only in the text. 


* * + 


Degradation of wildlife habitat is a common effect of 
mining. Disturbances can be caused by intrusions of man, 
vehicles and machines, odor, and noise. Deterioration of 
habitat may result from a combination of factors including: 
destruction of wetlands; increased stream sedimentation due to 
erosion; chemical water pollution; stream channelization and 
altered flood drainage; destruction of vegetation and other 
terrestrial habitats; and air emissions. However, after 
reclamation, an area may potentially have an increased carrying 
capacity for wildlife, especially if revegetated with mixed 
plant types; and surface mine lakes may provide new habitat for 
waterfow!] and other aquatic species (NAS 1979). 


This document is concerned with the location of minerals 
deposits and possible mining activities. Processing and trans- 
portation of minerals are not treated specifically. Specific 
environmental impacts associated with the mining of a particular 
mineral are described in the section concerning that mineral. 


Certain environmental impacts are typically associated with 
surface and underground mining methods used for a wide variety 
of minerals. Mining impacts can be classified as either primary 
or secondary. Primary impacts are directly a result of mining 
activity, for example: excavation; creation of lagoons; road 
and facility construction; ground subsidence; gaseous emissions; 
dust; erosion; runoff of sediments; and chemical pollution of 
ground and surface waters. These can cause direct mortality, 
displacement of wildlife, and/or failure of wildlife to compete 
successfully if displaced. Secondary impacts result from the 
influx of people into formerly undisturbed areas. In many 


cases, the increased population results in urbanization, indus- 
trialization, agriculture/grazing, and recreation; these in turn 
can result in pollution, harassment of wildlife, and road and 
traffic hazards. These developments potentially can have a 
greater impact than the primary impacts (Horak and Olson 1980), 
however it is the primary impacts that will be addressed in this 
section. 


The principal effects of mine exploration result from 
access roads, drill pads, and small excavations made to hold 
drilling fluid. More drilling, tunnelling, or shaft sinking may 
be done if initial prospecting is favorable. Typically, the 
area disturbed by a single drill site is approximately one-half 
of an acre, and also may include scrapings on a slope as a level 
site is needed. In addition drilling without proper aquifer 
sealing can result in the mingling of ground waters from 
different aquifers (NAS 1979). 


A major impact of mining operations is disturbance of the 
land surface, especially in surface mining operations which, 
more than most other land uses, irreversibly change the land 
they occupy (NAS 1979). Surface mining, which has disturbed 
about 0.12% of the land surface in the the 48 conterminous 
states (NAS 1979), completely and dramatically destroys the 
existing natural communities. As a result it may be difficult 
if not impossible to fully restore the original contour, produc- 
tivity, native vegetation, and utility to wildlife of a surface- 
mined area (Reznek 1977). Furthermore, reclamation of non-coal 
surface mines is still relatively limited, but activity is 
increasing as state laws come into effect (NAS 1979). Even 
underground mines can degrade the land surface as a result of 
ground subsidence and waste disposal. The amounts of land 
surface utilized and reclaimed by che mining industry from 1930 
to 1971 are summarized in Table 2. Much of the land defined as 
disturbed is part of existing operations and cannot be reclaimed 
until mining is completed. Also, land disturbed by mineral 
exploration, access and haulage roads, and mills and camp sites 
is not included in Table 2, but this would increase the total by 
a maximum of only 5-10%. 


The effects of surface mining on land use and landscape 
vary with: terrain; depth, size, and shape of the ore body; and 
waste/ore ratio. Removal of overburden and waste to expose the 
ore body and maintain safe pit slopes requires surface storage 
or disposal of soil and waste. Vegetation is destroyed in the 
pit, storage/disposal areas, and support facilities areas. 
Occasionally, as in sequential mining of contiguous ore bodies, 
a worked-out pit may be conveniently available for storage of 
waste from an operating pit. However, even with contiguous ore 














Table 2. Approximate areas (hectares) of land utilized and 
reclaimed by mining activities’ in the 48 conterminous 
United States, 1930-1971 (from Paone et al. 1974). 





Type of use Utilized Reclaimed 








Surface area mined (area of 
excavation only) ........... 866, 000 396,000 


Area used for disposal of 
overburden and other mine 
waste from surface mining .. 295 ,000 162,000 


Surface area subsided or 
disturbed as a result of 
underground workings ....... 42,500 2,380 


Surface area used for dis- 
posal of underground mine 
waste eeeeeeeeeeeeeeeeeeeeee 76,700 8,740 


Surface area used for dis- 
posal of mill processing 


waste eee eee ee ee ee Oe 182,000 18,700 
Total’ eee eee eee eee eeeenee 1,470,000 587,000 





1 Excludes of] and gas operations. 
2 Data may not add to totals shown because of independent 
counding. 





bodies, sequential pit opening may not be feasible because the 
necessity for ore grade control] and resource conservation 
requires mining from selected parts of one or several bodies 
——3 (e.g., berrylium, clay, cement, uranium) (NAS 


The primary effects of underground mining are surface 
subsidence and destruction of vegetation and terrain alteration 
by roads, support facilities, and mine waste storage. Ground 
collapse may be part of a planned block-caving operation, or it 
may occir after the completion of mining due to failure of 
underground support. Subsidence ‘n level terrain is more 
defacing than in mountainous or rugged terrain, and it may 
damage roads and other structures wherever it occurs (NAS 1979). 


Water management is a critical issue in the reclamation of 
mined land. In the west, reclamation of the land surface is 
especially difficult because of water availability problems. In 
such arid ecosystems, revegetation can occur only over very long 
periods of time. Several western states (Arizona, California, 
Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Texas, 
Utah, Washington, Wyoming [USGS 1970]) have areas that receive 
less than the 10-inch minimum average annual precipitation 
required for successful revegetation. In other states, sever: 
seasonal variation in precipitation severely limits revegetat’ on 
during parts of the year. Irrigation can help but removes water 
from other uses (Reznek 1977). 


Mining activities can have serious effects on surface and 
ground water resources. The potential for damage is especially 
severe where there is extensive exposure of ore and wall rock to 
an oxidizing and humid (or wet) environment. These conditions 
promote the formation of acids and the solubilization of metals 
and other chemicals. Measures to limit water entry irtc under- 
ground mines may fail after mining ceases, and subsidence may 
provide new sources of water entry. Also, improperly plugged 
boreholes may contribute to ground water pollution and allow 
inter-aquifer communication. Thus, a mine must be appropriately 
dasigned and properly operated and closed in order to minimize 
water quality degradation (NAS 1979). Furthermore, dewatering 
of mines may lower water tables, which in turn may eliminate 
springs and deprive vegetation of water (Horak and Olson 1980). 
Increased erosion due to destruction of vegetation can result in 
heavy siltation in surface waters; this in turn can have drastic 
effects on aquatic life. Finally, tailings ponds may contain 
toxic pollutants and oily scums that are hazards to wildlife, 
especially migrating waterfowl! (NAS 1979). 


Mining activity can also degrade air quality, primarily due 
to dust from roads, mine-waste piles, and pit operation, and 
exhaust fumes from equipment and vehicular traffic (NAS 1979). 


Another potential consequence of mining is radioactive 
contamination. Whether this is a real threat is unknown, bu* 
radioactive emissions car »ccur from uranium and, to a lesser 
extent, phosphate mines (NAS 1979). 


The timing of mining activities can infiuence the severity 
of environmental impacts. For example, at certain seasons, 
mining may be more likely to interfere with resting birds or the 
spawning of fish (Horak and Olson 1980). 


Another aspect of the impact of a surface mine is simply 
from its presence amid neighboring, competing, and commonly 
incompatible land uses. The degree to which mines are, or could 
be, isloated by planning and zoning depends upon how large a 











share of the nation's land the industry requires and where the 
mines are located. Location in the natural resource and settle- 
ment pattern is important as it affects not only the nature of 
environmental control measures necessary when a mine is operat- 
ing, but also the extent to which the land will be needed for 
other uses when it is no longer mined (NAS 1979). To quote Dick 
and Wimpfen (1980): “Obviously no mining system is acceptable 
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that unduly jeopardizes the safety or health of the miners or 
unduly degrades the environment or both." Clearly, every mining 
operation will cause some degree of environmental degradation. 
What must be determined is whether that degradation is signi- 
ficant and thus unacceptable, or if it can be mitigated by sound 
advance planning. 
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Coal 


Coal is the compressed and altered residue of plants that 
grew in ancient freshwater and brackish-water swamps. Accumu- 
lated plant remains first became peat and were than transformed 
into coal via diagenesis followed by metamorphism. Of coal 
consumed annually in the United States, about 62% is used in the 
production of electricity, 20% is used by the steel industry, 
and 16% is used by the manufacturing industry (Brobst and Pratt 
1973). Coal also has a great potential for use as a raw 
material in the production of synthetic gas, liquid fuel, and 
lubricants (Brobst and Pratt 1973; USBOM 1976). 


In ascending order of rank (fuel quality), coals are classi- 
fied as lignite, subbituminous, bituminous, and anthracite. 
Rank increases as amount of fixed carbon increases and amounts 
of moisture and volatile matter decrease. Bituminous coal is 
the most abundant and widespread rank of coal in the United 
States. Except for some mine rock and anthracite ash, which have 
been used in the manufacture of lightweight building aggregates, 
there are no important byproducts or coproducts from the mining 
and use of anthracite. The carbonization of the other ranks of 
coal produce three basic coal chemicals -- ammonia, light oil, 
and tar. Ammonia can be recovered as an aqueous solution or 
reacted to form ammonia compounds. Coal tar can be processed 
further to obtain phenols, cresols, naphthalene, and pitch, 
while the fractional distillation of light oi] yields benzene, 
toluene, xylenes, and solvent naphtha. Some fly ash and bottom 
ash from burning of coal are also used in manufacture of bricks 
and lightweight aggregate, and some boiler slag is used in road- 
building materials (USBOM 1976). 


The total domestic production of coal in 1978 was approxi- 
mately 659 million tons, of which about 654 million tons were 
bituminous and lignitic coals and about 5 million tons were 
anthracitic coals (Anon. 1980). As of 1977, 97% of active coal 
mines in the United States were in 11 eastern states (FWS 1977a). 
All anthracite production in the United States came from 11 
counties in northeastern Pennsylvania. Identified Pennsylvania 
anthracite resources, representing about 96% of total domestic 
anthracite resources, were estimated to be 18.6 billion tons as 
of 1974; 7.1 billion tons of these resources are considered to 
be mineable by conventional surface and underground methods, 
with a recoverability of between 40% and 90%. Only 90 million 
tons of anthracite are in deposits that can be strip mined. 
Demonstrated domestic reserves of bituminous and subbituminous 
coals are 293 billion tons of underground deposits and 109 
billion tons of surface-mineable deposits (USBOM 1976). Strip 
mining can obtain essentially 100% of coal in place, while 
underground mining on the sverage recovers approximately 50%. 
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However, if only half of the estimated total reserves is 
recovered, the amount of energy available from coal is still 
enormously greater than the total available from oi] and gas 
(NAS 1975). Other resources, which are not presently economi- 
cally recoverable, are estimated to be approximately 3.5 
trillion tons of all ranks of coal (USBOM 1976). About 50% to 
70% of the U.S. coal resources are located in the Northern Great 
Plains and Rocky Mountain Coal Provinces, especially in Wyoming, 
South Dakota, North Dakota, and Montana (Reznek 1977). 


Serious environmental problems have faced and will continue 
to face the development of coal resources. These factors are 
especially serious to the anthracite industry, which has already 
suffered a decline as a result of increased costs due to unfavor- 
able geological and other physical conditions (Horak and Olson 
1980). Among these environmental impacts are land surface 
subsidence from underground mining operations and pollution of 
ground and surface waters by mine drainage (USBOM 1976). 


However, the central issue of surface coal mining is environ- 
mental aesthetics. Since the use of coal is predicted to double 
or triple by the year 2000, there is a great potential for the 
disturbance of a vast amount of land. For example, in the 
eight-state Western Coal Province (Arizona, New Mexico, Utah, 
Colorado, Montana, Wyoming, North Dakota, and South Dakota), 43% 
of the coal is within 225 feet of the surface, and thus surface 
mining methods can be applied (Reznek 1977). By 2000, strip 
mining for coal is expected to impact more than 8 million 
hectares (approximately 20 million acres) across the United 
States (Horak and Olson 1980). 


Sp l igure 4). Estimates of coal reserves were obtained 
from a U.S. ogical Survey data base (Hamilton et al. 1975; 
Thomson and York 1975). The file contains tonnages of coal 
compiled by county and coalbed. Sulfur, ash, BTU, and other 
properties are given for each coalbed. The coalbeds were aggre- 
gated to county units and the relative amount of coal reserves 
was classified as small (less than 1,000 tons), medium (1,000 to 
100,000 tons), or large (more than 100,000 tons). 


Other areas in the southeastern United States containing 
coal reserves of concern to FWS were defined on the basis of 
information provided by the FWS Regional Office in Atlanta, 
Georgia (Ronald J. Haynes, pers. comm.). These areas primarily 
contain lignite reserves. 


Additional counties in Indiana and Missouri containing coal 
deposits of concern to FWS but not shown on Map 1 are listed in 
Appendix C (R. Welford, FWS, Twin Cities, MN, pers. comm.). 
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Counties containing coal reserves. 
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Copper 


Copper is utilized in its pure metallic state and in alloys 
with other metals. It has high electrical and thermal conduc- 


tivity, ductility, malleability, resistance to corrosion, strength, 


and lack of magnetism. As such, it is put to innumerable indus- 
trial uses. About half of the domestic copper use in 1970 was 
for electrical applications. Other major uses were in construc- 
tion, industrial machinery, transportation, and ordnance. If it 
were not for the increasing substitution of aluminum, and to a 
lesser extent stainless steel, for copper in numerous appl ica- 
tions, the need for copper would exceed its available supply 
(Brobst and Pratt 1973). 


Copper ores may contain significant recoverable quantities 
of other metals such as gold, silver, molybdenum, cobalt, zinc, 
lead, nickel, sulfur, tellurium, selenium, rhenium, palladium, 
platinum, arsenic, and iron. In addition, many ores mined 
chiefly for other metals contain recoverable copper (Brobst and 
Pratt 1973). 


In recent years, open pit py has accounted for about 
90% of the production of copper ore (USBOM 1976). Several 
Arizona copper deposits are being mined by in-place leaching 
methods, which have much less environmental impact than the more 
common open-pit techniques. After fracture by explosive or 
hydraulic methods, copper is leached by sulfuric acid, pumped to 
the surface, and removed electrolytically. However, only 50-60% 
of the copper is recoverable by these methods, and all of the 
byproduct metals (e.g. gold, molybendum, selenium) are left in 
the rock during leaching (Brobst and Pratt 1973). 


Surface restoration of areas mined for copper is very 
difficult due to the finely powdered mill tailings and a high 
ratio of waste to produced metal. Water pollution by mine waste 
is a problem, especially because many large copper deposits are 
in arid regions making adequate water supplies increasingly 
difficult to obtain (Brobst and Pratt 1973). 


Copper occurs in at least 160 minerals, the most abundant 
rg, chalcopyrite (CuFeS.), bornite (Cu;FeS,), and chalcocite 
(Cu,S) (Brobst and Pratt ‘973). Copper produced as a byproduct 
from nickel deposits makes a significant contribution to the 
supply. Such deposits can be found in Minnesota and, although 
not mineable at present, sent a very important future 
copper resource (USBOM 1976). 
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Porphyry copper deposits in the southwestern United States 
(see Map 2) make up a significant portion of the world's identi- 
fied copper resources. The western United States also contains 
some of the most important hypothetical copper reserves (Brobdst 
and Pratt 1973). Other copper deposits are scattered throughout 
the Appalachian Mountains and near Lake Superior (USBOM 1976; 
Barr Engineering Co. et al. 1980). The identified resources in 
the United States as of 1975 are 90 million tons of copper ore, 
with an additional 320 million tons available in otver resources 
(USBOM 1976). The greatest likelihood of new discoveries, based 
on a evidence, is in the southwest. A possibility of 
finding large deposits in the Appalachians still remains (Brobst 
and Pratt 1973). Principal copper producing states in 1979 were 
Arizona (65%), Utah (13%), New Mexico (12%), Montana (5%), and 
Michigan (3%). Domestic production of copper in 1979 was 1.43 
million metric tons (USBOM 1980). 








$0 six me C minerals -- copper p 2), 
gold (Map 4), iron (Map 5), molybdenum (Map 6), nickel (Map 7), 
and silver (Map 11) -- were obtained from the USGS National 
Atlas Minerals File. This computerized file indicates the rela- 
tive amount (high, medium, or low) based on past production, 
current activity, and estimated reserves for deposits within 
mining districts. These data were used to compile the mineral 
maps in The National Atlas of the United States of America (USGS 
1970, pp. ° recently u es were provided by 
R. A, Weeks, USGS retired, who compiled the National Atlas 
minerals maps. 





Mining districts were cross-referenced to counties. Often 
several mining districts occur within a county with each district 
containing deposits of a particular mineral. However, since the 
data set indicates only relative amounts within mining districts, 
it was not possible to classify counties according to relative 
importance. It is unclear whether a county with two medium or 
three low level deposits was as important for future mining 
activity as a county with a single high level deposit. There- 
fore, counties were simply tabulated as having a mineral present 
or not. The maps do not distinguish between major ore deposits 
which may be actively mined, and minor occurrences whic’ may 
never be mined due to economic considerations. 


Additional counties in Missouri containing copper deposits 
of concern to FWS but not shown on Map 2 are listed in Appendix 
C (R. Welford, FWS, Twin Cities, MN, pers. comm.). 





























| 














ROBERT A 


Atias of Cosl/Minerats and important 
Problem Areas for Fish and Wildlife 
wm the 
Conterminous United States 


HONIG RICHARD J OLSON AND WILLIAM T MASON JF 





























Figure 5. 


Counties containing copper deposits. 
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Source US Geotagrces Survey 1870 (updates to 1878) 








Geothermal Resources 


The principal use of geothermal energy is in the generation 
of electricity. Other uses are space heating, air conditioning, 
agricultural heating, water desalinization, drying, aquaculture, 
and the processing of paper, diatomite, and salt. Byproducts of 
geothermal energy utilization ‘nclude dry ice, boron, and 
calcium chloride (Brobst and Pratt 1973; Suter 1978). 


The geothermal resource base is defined as all the heat 
above 15°C in the earth's crust (Brobst and Pratt 1973). Only a 
small fraction of this heat can be properly considered a resource 
as most of the geothermal heat is far too diffuse to ever be 
recovered economically. However, economically useful concentra- 
tions of geothermal energy occur locally in restricted volumes. 
In such “hot spots,” high temperatures (65° to 340°C) are found 
in porous rock containing liquid water and/or steam (Godwin et 
al. 1971; Brobst and Pratt 1973). The energy in a geothermal 
reservoir is stored in rocks and to a lesser extent liquid water 
and/or steam-filled pores or factures. The water and steam 
provide the means of heat convection from deep sources to 
shallow depths. Where liquid water is present, it is held at 
temperatures above the surface boiling point by the confining 
pressures. Geothermal reservoirs are found in regions of recent 
vulcanism and mountain building and in the deep parts of many 
sedimentary basins (Godwin et al. 1971). The geothermal resources 
of the United States are roughly estimated as being between 10'° 
and 10*° calories (Brobst and Pratt 1973). 


Three types of geothermal resources are or may soon be used 
as energy sources: hydrothermal; geopressured; and hot, dry 
rock. Hydrothermal resources consist of steam or water heated 
by volcanic material that has intruded into the earth's mantle. 
Most of the hydrothermal resources in the conterminous United 
States are located in the tectonically active areas of the west. 
With the exception of the heavily agricultural Imperial Valley, 
Californ’a, most of these occur in areas of low population 
density. Geopressured resources consist of trapped hot water 
that has prevented full compaction of the rock formation and 
supports much of the overburden weight. Hot, dry rock resources 
consist of areas with higher than normal heat flow gradients but 
no suitable aquifer (Suter 1978). 


In general, ge*hermal energy generation has a far lower 
environmental cost than nuclear or fossil-fuel processes. 
Normal drill pad construction for geothermal operations requires 
2-6 acres. These pads are routinely constructed as multi-well 
pads (3-6 wells). Geothermal energy generation produces only a 
fraction of the atmospheric particulate pollutants as do fossil- 
fuel plants and emits small, non-harmful amounts of Rr’??, a 
radioactive isotope of radon (W. M. Spaulding, Jr., Ecological 
Services, FWS, Washington, DC, pers. comm.). However, carbon 
dioxide, usually the predominant noncondensible gas in geo- 
thermal fluids, may contribute to climatic warming via the 
“greenhouse effect." Toxicity due to hydrogen sulfide is only a 
problem in confined spaces, and conversion to S0,(sulfur dioxide) 
may increase S02 concentrations downwind. Mercury is also 
present in most geothermal fluids (Sutter 1978). Waste heat from 
geothermal resources is a potential tliermal pollutant. Some 
hydrothermal fluids contain high solute concentrations which may 
pose a chemical pollution hazard to surface and ground waters. 
Ground subsidence, due to fluid withdrawal or thermal contrac- 
tion may also occur (Brobst and Pratt 1973; Suter 1978). 


Map 3 (Fiqure 6). Geothermal resource areas were classi- 
fied as having potential water temperatures greater than 150°C, 
90-150°C, or less than 90°C. The hydrothermal convection systems 
have reservoir temperatures greater than 90°C within 3 km of the 
surface; all of these areas occur in the west. Geothermal areas 
in the west having potential for development were defined from a 
1:2,500,000-scale map (SAI 1980a). If a county had several 
levels of potential resources the county was classified according 
to the hottest resources indicated. The thermal waters (water 
less than 90°C within 1 km of the surface) are potential sources 
of low-grade thermal energy; however, areas favorable for develop- 
ment of these resources are not well defined (Muffler 1979). 
Locations of areas in the east most favorable for discovery and 
development of local sources of low temperature thermal water 
were obtained from USGS Circular 790 (Muffler 1979). 





Other areas in New Mexico containing geothermal resources 
of concern to FWS were defined on the basis of information 
supplied by the FWS Regional Office in Albuquerque, New Mexico 
(Joseph W. Kathrein, pers. comm.). 
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Figure 6. 


Counties containing geothermal resources. 
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Gold 


Gold has been treasured since ancient times for its beauty 
and permanance and in the twentieth century has emerged as an 
essential industrial metal. Most gold used in industry is in the 
form of metal or metal alloys (17). Gold has been traditionally 
used in the manufacture of jewelry and in dentistry; more recently 
it has been used widely in the aerospace, electronics, and 
computer industries (Brobst and Pratt 1973). Specialized gold 
compounds are made for a diversity of uses, for example in 
medicines and glass. Because of the role of gold as the princi- 
pal medium of monetary exchange, about half of the world's 
supply of gold has been immobilized by agreement between majo- 
industrialized countries (USBOM 1976). This has been a signifi- 
cant factor in the recent soaring gold prices. 


The world production of gold is dominated by the Republic 
of South Africa which annually has produced over half of the 
world's total output over the last 15 years (Brobst and Pratt 
1973; USBOM 1980). Nearly all gold mines in the United States 
are in the west (USBOM 1980), primarily South Dakota, Nevada, 
Utah, and Arizona. About 50 to 60% of United States gold produc- 
tion comes from gold ores, with the remainder being a byproduct 
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of copper and other base metal production. Silver, because of 
its association with gold in nature, is a coproduct of virtually 
all gold mining. Gold is also recovered from nickel, copper, 
and platinum mining. Other byproducts and coproducts of gold 
are mercury, zinc, lead, sand and gravel, platinum, palladium, 
tungsten, fluorine, uranium, and osmiridium (USBOM 1976). 


About one-third of domestic gold production comes from a 
deep underground mine in South Dakota operated by the Homestake 
Mining Company. Most of the remainder is produced from open pit 
mines. Placer mining by dredging of large alluvial or marine 
deposits may once again become an important source of gold in 
the future (USBOM 1976). 


Current U.S. gold reserves are estimated at 120 million 
ounces, with an estimated 120 million ounces of other resources 
(USBOM 1976). 


Map 4 (Figure 7). See section on Copper for discussion of 
the map data base. 
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Source US Geotogice Survey 1870 (updated to 1978) 














Counties containing gold deposits. 


Figure 7. 





Iron is an abundant, readily extractable metal and is the 
metal that is most widely used by man. It has strength, hard- 
ness, and durability combined with properties that make possible 
fabrication into a multitude of forms. Alloying of iron and 
other elements into steels, in which the desirable properties of 
iron are enhanced, has greatly increased its usefulness. Iron 
and steel are used as structural components and mechanical 
elements and in tools, containers, and fasteners (Brobst and 
Pratt 1973). Most of the iron ore not manufactured into iron 
metal and steel is used in the production of heavy-media 
materials, mainly for coal preparation plants, and for cement. 
Smaller amounts are used in the manufacture of ferroalloys, 
paint, high-density concrete aggregate, ferrites, and as a 
mineral additive to animal feeds. Byproducts of U.S. iron 
mining rations include manganese, titanium, phosphate 
(apatite), copper, and smal] quantities of silver and gold 
(USBOM 1976). 


Most iron ore is mined in open pits since most commercial 
ore bodies lie close to the surface and have large lateral 
dimensions. Underground methods are used for mining narrow, 
steeply dipping, or deep ore bodies. However, high costs and 
limited production capacity have reduced the ability of under- 
ground operations to compete with open pit mines (USBOM 1976). 


The United States annually produces more than 80 million 
tons of iron, of which about 80% is from the Lake Superior 
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region (Brobst and Pratt 1973; USBOM 1980; Barr Engineering Co. 
et al. 1980). Identified, economically extractable reserves in 
the United States amount to 4 billion tons, with another 14 
billion tons of identified resources that may become profitable 
under future economic conditions (USBOM 1976). United States 
iron reserves and potential resources are sufficient to meet 
domestic needs for many decades. However, due to economic 
considerations, the United States is a net importer of finished 
steel and iron ore (Brobst and Pratt 1973). 


The environmental problems specifically associated with 
iron ore mining are primarily related to scale: the mines and 
recovery plants are huge. Many open pit mines in the Lake 
Superior region are a mile or more wide, several miles long, and 
several hundred feet deep. Large masses of waste material, 
frequently two to three times that of the ore mined, must be 
disposed of. The waste has been frequently left in unsightly 
piles adjacent to the mine rather than being returned to the 
mine pit. The pits themselves can become manmade lakes if 
proper reclamation methods are employed (Brobst and Pratt 1973). 


Map 5 (Figure 8). See section on Copper for discussion of 
the map se. 


Additional counties in Missouri containing iron deposits of 
concern to FWS but not shown on Map 5 are listed in Appendix C 
(R. Welford, FWS, Twin Cities, MN, pers. com.). 
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Figure 8. Counties containing iron deposits. 


21 








Kaolin 


Kaolin, or China clay, is a clay-like materia! approxi- 
mating the mineral kaolinite; the term encompasses the other 
kaolin-group minerals, such as halloysite and dickite. Kaolin 
is a unique industrial material because it is chemically inert 
over a relatively wide pH range, is white, has hiding power 
when used as a pigment or extender in coated films and filling 
applications, is soft and nonabrasive, has low heat and electri- 
cal conductivity, and costs less than most competing materials 
(USBOM 1976). Kaolin is easily dispersible and can be fired at 
high temperatures without warping or changing color (Brobst and 
Pratt 1973). The major domestic uses for domestic kaolin in 
1979 were as a filler or coating for paper (43%), as refrac- 
tories (15%), and in the manufacture of rubber (9%) (USBOM 
1980). Minor uses include pottery, dinnerware, stoneware, white 
cement, catalysts in petroleum cracking (Brobst and Pratt 1973), 
fiberglass, paints, and plastics (FWS 1977a). In some locations, 
silica glass sand, muscovite, and bauxite are byproducts or 
coproducts of kaolin mining (Brobst and Pratt 1973; USBOM 1976). 


Domestic production of kaolin in 1979 was about 8 million 
tons (USBOM 1980). Georgia and South Carolina are the major 
producers, with smaller quantities produced in Alabama, California, 
Florida, Idaho, North Carolina, Pennsylvania, Texas, and Utah. 
Reserves of kaolin in the coastal plain of Georgia, Alabama, and 
Mississippi are estimated to contain more than 300 million tons 
while other deposits are scattered throughout the Appalachian 
region. The nation's total kaolin resources, which contain a 
much higher percentage of impurities than the reserves, are 
estimated to be at least 5 billion tons. These resources include 
deposits in North Carolina, California, Washington, Idaho, Utah, 
and Nevada (Brobst and Pratt 1973). 


Most kaolin is surface-mined, thus introducing the potential 
for aesthetic impacts, dust, and sedimentation in surface waters. 
Some kaolin deposits are exploited by hydraulic mining and 
dredging. Recovery is near 100% of the mineable beds in open 
pit mines, and the waste-to-kaolin ratio is generally about 7:1 
(USBOM 1976). 





Limestone and Dolomite 


Limestone is composed of the mineral calcite (CaCo,) and 
dolomite is composed of the mineral dolomite (CaMg(C0,).). 
However both are called limestone by the industry, and interme- 
diate varieties are not distinguished. Some newly deposited 
limestone is composed of the mineral aragonite, which has the 
same chemical formula as calcite and gradually changes to calcite 
over time. Calcite and dolomite commonly occur in the same rock, 
but generally one predominates in any one stratigraphic layer 
(Brobst and Pratt 1973). 


Limestone is used chiefly in the production of construction 
stone, which consumed nearly two-thirds of U.S. limestone produc- 
tion in 1969, and portland cement, which consumed about 15% of 
domestic production. Fluxes, for blast and open-hearth furnaces, 
and the manufacture of lime consumed another 5% each, while 
agricultural limestone accounted for about 4% of consumption 
(Brobst and Pratt 1973). Limestone is also used in the manufac- 
ture of glass and for sulfur dioxide removal from stack gases at 
power plants (NAS 1980a). More than 628 million tons of lime- 
stone and dolomite were used in the United States in 1969 (Brobst 
and Pratt 1973). 


Limestone and dolomite formations are widespread in the 
United States, and nearly every state has deposits that are 
adequate for construction and other uses not requiring chemically 
pure stone. High-purity carbonate rock formations are far less 
widely distributed than impure carbonate rocks. However, some 


high-purity formations are widespread, occurring in mineable 
thicknesses nearly continuously over areas of many hundreds, and 
sometimes thousands, of square miles. Limestone resources are 
large and are expected to supply domestic needs for hundreds, or 
even thousands, of years (Brobst and Pratt 1973). 


Exploitable limestone and dolomite formations occur most 
extensively in the slightly deformed rocks of the mid-continent, 
especially in Kentucky, Tennessee, Missouri, and states adjacent 
to the Great Lakes. Furthermore, in the Appalachian Plateaus 
and the plateau regions of the western United States there are 
relatively flat layers of limestone and dolomite at mineable 
depths over wide areas. High purity limestone is found in 
central Pennsylvania, western and southwestern Virginia, and the 
eastern panhandle of West Virginia. The eastern panhandle of 
West Virginia also contains deposits of high-purity dolomite, as 
does western Ohio, which is the chief source of high-purity 
dolomite (Brobst and Pratt 1973). Limerock is also being mined 
extensively in south Florida in the conservation area between 
Miami and the Everglades (Ronald J. Haynes, Regional Office, 
FWS, Atlanta, GA, pers. comm.). 


The environmental impacts of limestone exploitation are 
essentially the same as those associated with sand and gravel 
mining. In addition, there is evidence that mining operations 
involving carbonate rocks may cause elevations in alkalinity of 
surface waters (NAS 1980a). 








Molybdenum 


Molybdenum is important as an alloying metal, imparting 
increased hardness, toughness, and corrosion resistance to iron, 
steel, and stainless steel. It is an essential alloying metal 
in the manufacture of superstrength steel for heavy construction, 
such as in skyscrapers and bridges. A small percentage of 
molybdenum is used as molybdenum metal and in pigment, catalysts, 
agriculture, chemicals, and lubricants (Brobst and Pratt 1973). 
Molybdenum is mined by open pit and a variety of underground 
methods (USBOM 1976). 


Molybdenum is virtually the sole metal of which the United 
States is a net exporter (Brobst and Pratt 1973). Domestic 
production in 1979 was just over 140 million pounds (USBOM 1980) 
amounting to about 60% of the world's production (Brobst and 
Pratt 1973). Domestic consumption in 1970 was approximately 74 
million pounds (USBOM 1980). 


About half of the world's molybdenum resources are in the 
United States. Most of the identified resources in the United 
States occur in Colorado and Yew Mexico (Brobst and Pratt 1973). 
The total identified resources in the United States amount to 
approximately 35 billion pounds (Brobst and Pratt 1973; USBOM 
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1976). Large quantities of molybdenum are probably still hidden 
in areas of known deposits. An estimate of such hypothetical 
resources amounts to about 1 billion tons worldwide, with about 
oo tons located in the United States (Brobst and Pratt 
—1 


Molybdenum does not occur in nature in a pure metallic 
State. It is found only in combination with other elements such 
as sulfur, oxygen, tungsten, lead, uranium, bismuth, iron, 
magnesium, cobalt, vanadium, and calcium. Minerals of current 
economic importance are molybdenite (molybdenum disulfide, MoS_ ) 
and to a lesser extent ferimolybdite (FeMo0.H.0) and jordisite 
(amorphous molybdenum disulfide) (Brobst and Pratt 1973). 
Molybdenum is recovered as a byproduct of copper, tungsten, and 
uranium ores; and iron, rare earths, sulfur, tin, and tungsten 
are byproducts of molybdenum ores (USBOM 1976). Presently about 
25% of United States molybdenum is produced as a byproduct of 
copper mining (Brobst and Pratt 1973). 


Map 6 (Figure 9). See section on Copper for discussion of 
the map data base. 
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Figure 9. Counties containing molybdenum deposits. 
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Nickel 


More than 90% of nickel is used in the form of metal (USBOM 
1976). The greatest value of nickel is in alloys with other 
elements where it adds strength and corrosion resistance over a 
wide range of temperatures. As such it is an essential component 
of the iron and steel industry (Brobst and Pratt 1973), the 
manufacture of superalloys for use in aircraft, and the produc- 
tion of various salt water resistant alloys for use in ship 
building. Nickel is also used in batteries, dyes and pigments, 
insecticides, and catalysts. Byproducts and coproducts of 
nickel production include copper, platinum, cobalt, silver, 
gold, palladium, iridium, osmium, rhodium, ruthenium, selenium, 
tellurium, iron, ammonium sulfate, and urea (USBOM 1976). 


Nickel is mined by open pit and underground methods. The 
only domestic primary nickel producing mine in 1979 was an open 


pit mine in Ridcle, Oregon (Douglas Co.), although some nickel 
is produced as a copper byproduct and from secondary sources 


such as scrap metal (USBOM 1976, 1980). 


U.S. reserves of nickel are small; over 70% of consumption 
is imported (USBOM 1980). Identified, economically recoverable 
reserves in the United States total about 200,000 tons, essen- 
tially entirely at the Riddle, Oregon, deposit. Other identi- 
fied resources which may become economically recoverable in the 
future total about 15 million tons. Ocean nodules may also 
represent a potential resource if processing and mining technolo- 
gies are developed (USBOM 1976). 


Map 7 (Figure 10). See section on Copper for discussion of 
the map data base. 
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Figure 10. Counties containing nickel deposits. 
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Oil Shale/Tar Sands 


Among the materials from which synfuels (synthetic organic 
products) can be made are oi] shale and tar sands. Oi] shale is 
a fine-grained sedimentary rock containing kerogen, an organic 
substance similar to the materials which have produced naturally 
occurring of] and gas. High-;rade shale can yield 35 gallons or 
more per ton of shale and may also yiela recoverable sodium 
bicarbonate, sodium carbonate, and aluminum (Brobst and Pratt 
1973; Rickert et al. 1979). Tar sands are porous sandstones 
containing viscous to solid petroleum unrecoverable by conven- 
tional methods (Rickert et al. 1979). Although previously not 
economically viable, oi] shale and tar sand ventures may soon 
become practical due to the rising demand for new energy sources 
(Brobst and Pratt 1973). 


01] shale and tar sand deposits are found in all but a few 
states, however the resources of economic interest are concen- 
trated in the Green River Formation of Colorado, Utah, and 
Wyoming (Brobst and Pratt 1973; Rickert et al. 1979; NAS 1980b). 
The eastern Devonian black shale, especially outcroppings, is 
thought to have good potential as an energy resource. The 
eastern deposits have the advantage of greater water availabi- 
lity for the mining process. Identified resources of shale oi] 
in the United States are estimated at 2 trillion barrels in 
shale yielding greater than 15 gallons of oi] per ton of shale 
(Brobst and Pratt 1973; Rickert et al. 1979). Between 400 and 
600 billion barrels of the reserve are believed to be recover- 
able (Dick and Wimpfen 1980). The estimated amount of recover- 
able oi] in the Green River Formation is nearly equal to the 
estimated total of proved and undiscovered resources of conven- 
tional petroleum in the United States (NAS 1975). The estimated 
reserve of tar sand oi] in the United States is 29 billion 
barrels (NAS 1975; Rickert et al. 1979). 


At present, there is no commercial production of tar sand 
oi] in the United States (Rickert et al. 1979), however similar 
deposits in Canada are *2 mined by the open-pit method (Dick 
and Wimpfen 1980). O11 shale also can be mined by conventional 
surface mining procedures. However to eliminate the disposal 
problem associated with surface processing -- which produces 
large volumes of solid waste -- several underground (in situ) 
methods have been proposed. One method involves fracturing the 
rock, introducing heat to liquefy the kerogen, and removal of 
the of] via wells (Rickert et al. 1979). Modifications of this 
method have also been proposed. Futhermore, formation of po- 
tentially hazardous chemicals in the underground retort poses a 
serious threat of ground water pollution (NAS 1979). 


Because mining of of] shale and tar sands is linked with 
on-site processing for recovery of oi], environmental problems 
associated with development of these minerals are somewhat 


unique. Unusual liquid, gaseous, and solid wastes may be 
produced, and the waste disposal and processing will require 
significant amounts of water (Rickert et al. 1979), further 
taxing the already overburviened western water supply. Water 
consumed by an oi] shale processing facility probably would 
range from 1.5 to 4 barrels of water (possibly less for true in 
situ processing) per barre’ of oi], depending on the location 
and the technology used. If water used for reclamation, power 
generation, and disposal of processed shale is included, up to 5 
barrels of water per barrel of oi] may be consumed. Consumption 
of 3 barrels of water per barrel of oi] is realistic average 
estimate for surface processing (NAS 1980b). 


Leachates, whether from in situ or surface operations, may 
cause a reduction in water quality. Futhermore waste water 
produced during retorting typically contains high concentrations 
of organic chemicals. The large land area required for solid 
waste disposal will alter existing land uses and wildlife habitats. 
Deer populations, which migrate seasonally over wide areas, will 
be particularly affected. Air pollutants for which no standards 
yet exist, such as arsenic, mercury, and selenium, may also be 
produced, along with carbon monoxide, hydrocarbons, nitrogen 
dioxide, sulfur dioxide, photochemical oxidants, and particu- 
lates. Large quantities of carbon dioxide would also be produced, 
potentially contributing to climatic warming due to the 
"greenhouse effect" (NAS 1979). Other potential environmental 
problems associated with oi] shale/tar sands development are 
landslides, erosion and sedimentation, subsidence, disruption of 
aquifers, and acid mine drainage (Rickert et al. 1979). 


Map 8 Figure il} The locations of the western deposits 
were determined by a 1:2,500,000 scale map of the area (SAI 
1980b). Two reports (Janka and Dennison 1979; Booz-Allen & 
Hamilton Inc. 1980) were used to define the location of counties 
in the east containing outcroppings of the Devonian black shale. 
The reports contained small scale state maps defining the areas. 
When both reports had maps for the same state, the maps were 
nearly identical. The maps also showed areas of Devonian shale 
underlying younger rocks, though these areas were not included 
because of the lower probability of their being mined in the 
near future. 


Locations of tar sands were determined from a study 
(Baughman 1978) that identified the counties containing deposits 
or included state maps showing the tar sand deposits. 


Additional counties in Indiana ag pies 01] shale deposits 
of concern to FWS but not shown on Map 8 are listed in Appendix 
C (R. Welford, FWS, Twin Cities, MN, pers. comm.). 




















OIL SHALE AND TAR 
SANDS DEPOSITS 


= 
























































Figure 11. Counties containing of] shale and/or tar sands deposits. 





Peat 


Peat is a partially decomposed plant matter that has accum- 
lated underwater or in a water-saturated environment. It is 
usually composed of 10% solid matter and SO% water. Although 
not classified as a coal, peat is the initial stage in the 
formation of coal from buried plant matter and was formerly used 
in the United States, and is still used in Europe, as a fuel. 
Since it cannot compete with the other more efficient fuels on 
the U.S. market, virtually al] peat consumed domestically is 
used for agricultural and horticultura! purposes. Ninety percent 
of domestic peat sold in 1974 was for domestic soil improvement 
to be used specifically in iandscaping, as a base for lawns and 
golf courses, for mulching and improving soils, and by nurseries 
and greenhouses. Other potential uses of peat are as a filter- 
ing agent to remove pollutants from water, as an absorbant in 
ofl spill cleanup, as a light and insulative building material, 
and s a raw material for wood alcohol distillation (USBOM 
1976). 


Virtually all peat in the United States is extracted by 
machinery; however, methods and equipment differ greatly depending 
on the characteristics of the deposits. In general, the peat is 
either cut out of or scraped from the surface. Most operations 
employ conventional excavating and earthmoving equioment, sometimes 
modified specifically for extracting peat. Where it is impracti- 
cal to drain a peat deposit which is covered by water, specially 
adapted equipment, such as dredges and clamshel!s, is used 
(USBOM 1976). 


The peat resources of the conterminous United States are on 
roughly 19 million acres (FWS 1977b) in 42 states and amount to 
13.8 billion tons. Approximately 90% of this total is located in 
innesota, Wisconsin, Michigan, and Florida. More than half of 
the resources in the conterminous United States are located in 
Minnesota with recoverable reserves estimated at almost 7 billion 
tons covering more than 5 million acres. More than three-fourths 
of the Minnesota peat resource are located in Beltrami, Koochiching, 
Itasca, and St. Louis counties in the northern portion of the 
state (USBOM 1976). Only 2.7%, or approximately 200,000 acres, 
of the peatland acreage in Minnesota is currently being used 
(FWS 1977b). It should also be noted that the cool moist climate 
and irrequler terrain of \laska favor the formation of all types 
of peat deposits (Brobst and Pratt 1973). 


Estimated United States peat production in 1979 was 880 


tons. Domestic peat production is concentrated in Michigan, 
Florida, and Illinois, in order of volume. These three states 
account for about 60% of the total U.S. output, with roughly 30% 
of total production in Michigan (USBOM 1980). Indiana, Pennsy!- 
vania, and New Jersey also produce significant amounts. About 
one-third of the peat consumed in the United States is imported, 
with canoe supplying approximately 95% of that amount (FWS 
1977a). 


Peatlands are part of a group of wetlands as classified by 
the U.S. Fish and Wildlife Service (Cowardin et al. 1979). As 
such they are very important wildlife habitats. For example, 
the Minnesota peatlands support populations of waterfow!], muskrat, 
beaver, and river otter, and they are very important habitat for 
spruce grouse, ruffed grouse, sharp-tailed grouse, bear, moose, 
timber wolf, bobcat, and lynx (FWS 1977b). Thus, extensive 
development of peatlands has a potential for significant impacts 
on wildlife due to habitat alteration. 


Map 9 (Figure 12). Locations of Class I and II peat resources 
were detenn rom a series of small scale state maps contained 
in two reports (King et al. 1980; Radian Corr. 1980). The nine 
states included in these reports contain the majority of peat 
resources in the conterminous United States. The reports define 
three classes of peat deposits. Class I areas have the highest 
potential for “fuel grade” peat which occurs in significant 
quantities to supply the needs of a large facility such as a 
250-million cubic feet-per-day synfuels plant. The deposits 
usually cover areas greater than 200 square miles. Class II 
areas have known peatlands but the areal extent and depth are 
not as promising as Class I areas. The deposits generally cover 
20 to 200 square miles and contain enough peat to support a 

tt steam electric plant. Class III areas may possibly 
contain sufficient quantities of fuel grade peat to supply the 
small technologies. These deposits generally occur in isolated 
patches of less than 20 square miles in size. Class III areas 
were not included in this study due to their lower probability 
of significant mining in the near future. A county was classi- 
fied as Class I or II if approximately 5% or more of the county 
was covered by one of the regions. Class I areas were given 
priority over Class II if both occurred within a county. Often 
the reports contained comments that identified additional counties 
as containing important peat deposits; these counties were also 
included in the data set. 
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Figure 12. Counties containing Class I and/or Ciass II peat resources. 
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Phosphate 


Phosphorus, along with nitrogen and potassium, is an essen- 
tial element for plant growth, but it tends to be less abundant 
than nitrogen and potassium, especially in heavily cropped or 
thoroughly leached soils. Thus it is not surprising that about 
70% of domestic consumption of phosphate rock is in fertilizer 
production. The fertilizer industry will continue to be the 
major consumer since there is no substitute for phosphorus as a 
plant food. Phosphate is also used in animal feed supplements, 
detergents, electroplating and metal polishing, insecticides, 
medicines, and incendiary bombs (Brobst and Pratt 1973). 


Most U.S. phosphate rock contains recoverable amounts of 
fluorine for use in water treatment and conversion into meta] 
fluxes. Florida and western phosphate rock contain from 0.1 and 
0.4 pounds of uranium per ton, and western deposits may also 
contain recoverable vanadium (USBOM 1976). 


The total U.S. phosphate rock production in 1979 was approxi- 
mately 50 million metric tons (approximately 55 million fay 
79% of which comes from Fiorida. North Carolina produces about 
9% of U.S. phosphate rock, Tennessee 4%, and fields in Idaho, 
Alabama, Montana, and Utah ceatridute 8% of the total. The 
United States is a net exporter of phosphate rock (USBOM 1980). 


Known recoverable U.S. phosphate rock reserves as of 1973 
were estſcated at 2.5 billion tons, with another 4.5 billion 
tons of identified resources that may become economically recover- 
able in the future. At current levels of production, the commer- 
cial deposits in Tennessee are expected to be depleted by 1990. 
Reserves in Idaho, “ontana, Utah, and Wyoning are expected to 
continue production into tne twenty-first century. The large 
reserves in Florida are capable of supporting maximum production 
levels unt’! 1995 after which they will be depleted; those in 


North Carolina are expected to continue maximum production after 
that date (USBOM 1976). 


Phosphate rock is strip mined except for two underground 
operations in Montana. In Florida and North Carolina the land 
must often be drained before mining, and the phosphate-bearing 
matrix is slurried in sluice pits and then pumped to a washing 
plant. Florida hard rock is not currently mined for phosphate 
(USBOM 1976). 


Use of water in phosphate mine dewatering and processing 
has lowered the regional water table in Florida by as much as 40 
feet, with some disruption of watercourses, destruction of 
wetlands, and deterioration of water quality. There is also a 
threat of contamination by radioactive elements associated with 
phosphate deposits. The waste clays, or slimes, from phosphate 
mining also pose a problem. Approximately two-thirds of the 
area mined for phosphate in central Florida since the 1940s has 
been covered by ponds containing slimes, Slimes cannot be 
economically reduced in volume and take decades to solidify. 
The best method for dewatering involves impounding the slimes 
above ground, but there is always a risk of dike failure. The 
slimes themselves, once stabilized, can be used only for farming, 
grazing, or light construction, as they are structurally weak at 
depth thas 1979). 


Map 10 (Figure 13). Phosphate deposits were identified 
from the Bureau of Mines series of State Mineral Profites (USBOM 


1979). Deposits identified in these publications generally 
reflect past and current activity or deposits that have a high 
potential for future mining. The data recorded indicates the 
presence of a deposit and does not distinguish the current or 
future importance. 
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Figure 13. Counties containing phosphate deposits. 
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Sand and Gravel 


Sand and gravel are geologically defined as unconsolidated 
mineral and rock particles that in most cases have been trans- 
ported by water and abraded so that their edges are rounded or 
dulled (NAS 1980a). Sand is defined as material composed primar- 
ily of silica and within the size range of 0.0625 to 2 milli- 
meters; sand is also used to describe fine particles of rocks, 
minerals, slag, and other materials. Gravel consists of naturally 
occurring rock particles in the size range of 4 to 64 milli- 
meters in diameter. Granules, or “pea gravel," make up the size 
range from 2 to 4 millimeters (USBOM 1976). 


Sand and gravel are important in virtually all construc- 
tion, and the construction industry accounts for about 95% of 
all domestic consumption of sand and gravel (Brobst and rratt 
1973; FWS 1977a; NAS 1980a). Most is used in portland cement or 
asphaltic concrete, as general fill, and as a base under high- 
ways (NAS 1980a). Minor uses include railroad ballast and snow 
and ice control (USBOM 1980). The two components of the product 
also may be used separately. Of the two, sand has a wider range 
of uses, for example: in architectural structures; mortar; 
plaster; and all forms of road and pavement construction. 
Industrial grade sands are essential in glass manufacturing, 
foundry operations, chemical and metallurgical processers, and 
as abrasives. Byproducts and coproducts of sand and gravel 
production are almost nonexistent. Only small amounts of gold 
and silver are recovered (USBOM 1976). 


Domestic sand and gravel production in 1974 was approxi- 
mately one billion tons (USBOM 1976) and is the largest nonfuel 
mineral industry, in terms of volume, in the United States 
(Brobst and Pratt 1973). Because of the local availability of 
both sand and gravel, and the high costs of transportation, 
there results a fragmented industry with smal] installations 
located in and near populated areas (FWS 1977a). The five leading 
construction sand and gravel producing states in 1979 were 
California, Alaska, Texas, Ohio, and Michigan (USBOM 1980). The 
San Francisco Bay and Los Angeles areas accounted for 27 of the 
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100 largest operations in the United States as of 1970, and most 
of the remainder are east of the Mississippi River in the northern 
States (Brobst and Pratt 1973). The United States is a net 
exporter of sand and gravel (USBOM 1980). 


The total sand and gravel resources of the United States 
are literally inexhaustible, however their geographic distribu- 
tion and quality often preclude economic usefulness (USBOM 
1976). By 2000, the economically recoverable resources may 
barely meet the demand. The most important sources of sand and 
gravel are river channels, flood olains, and glaciated terrain; 
however, as these become depleted, marine and lake environments 
could become important. A major problem currently facing the 
industry is land-use conflict: land with potentially valuable 
sand and gravel deposits is present!y more valuable for building 
development and is thus removed from future mineral production. 
Development of low-cost transportation may be essential for the 
utilization of remote deposits (Brobst and Pratt 1973). 


Sand and gravel are usually ‘oose materials and thus are 
excavated without blasting (NAS 1980a). The two basic methods 
are dredging, for deposits that are below he water table, and 
open pit excavation (USBOM 1976). Thus, Me environmental 
impacts include those typical of open pit methods such as noise, 
dust, and aesthetic effects. Excessive dust in some quarries 
can be a problem, especially if minerals such as asbestos are 
present. Dredging, which is widely practiced in major rivers 
such as the Mississippi, Missouri, and Ohio, causes increased 
sedimentation and can greatly alter aquatic habitats (NAS 1980a). 
Because of the virtual absence of sulfides 21d salts in sand and 
gravel deposits, water discharged from the mine sites contains 
no significant concentrations of dissolved heavy metals or other 
toxic constituents (NAS 1979). Beneficial effects of sand and 
gravel excavations include: creation of water bod‘es for storage 
or recreation; flood control; creation of migratory and cliff 
—8 bird habitat; and industrial or housing sites (NAS 
1980a). 








Zinc is a ubiquitous minor element in the earth's crust and 
is a neccessity to modern living (Brobst and Pratt 1973). It 
was first called false silver about 2,000 year: ago, undoubtedly 
due to its bluish-white color (USBOM 1976). Major uses of zinc 
in 1979 were in galvanizing of iron and steel products (40%), 
zinc-base alloy die castings (29%), brass and bronze (14%), zinc 
oxide (12%), and other uses (5%) including rolled zinc metal. 
Major industrial consumers of zinc in 1979 were the manufacture 
of construction materials (40%), transportation equipment (26%), 
electrical equipment (12%), and machinery and chemicals (10%). 
About one-half of the consumption was in Illinois, New York, 
Ohio, and Pennsylvania (USBOM 1980). Byproducts and coproducts 
of zinc include gold, silver, copper, lead, fluorspar, and man- 
ganese. in fact, many important zinc mines in the United States 
were initially lead or lead/silver mines. The host rocks in 
Tennessee, Virginia, and the Upper Mississippi Valley are 1] ime- 
stone and dolomite, and large quantities of the tailings are 
sold as agricultural limestone or crushed stone (USBOM 1976). 


The principal methods for mining zinc are room and pillar 
(excavating chaabers in a gently sloping ore body and leaving 


Zinc 


pillars of rock to support the roof), shrinkage (successively 
mining flat or inclined cuts or slices progressing upward from a 
haulage level), cut and fill, and square pit. Except for a few 
mines in Canada, open pit and block caving methods have not been 
extensively used (USBOM 1976). 


Zinc production in the United States in 1979 was approxi- 
mately 260,000 metric tons (approximately 287,000 tons). Major 
producing states were Tennessee (31%), Missouri (23%), New 
Jersey (12%), and Idaho (12%) (USBOM 1980). Identified, eco- 
nomically extractable reserves of zinc in the United States 
amount to 30 million tons, with another 20 million tons which 
may become economically recoverable under future economic condi- 
tions. The largest demonstrated reserve is in the southeast 
Missouri lead district where zinc is a coproduct of lead; the 
next largest is in eastern and middle Tennessee. Other states 
with notable reserves are Maine, New Jersey, New York, 
Pennsylvania, Virginia, Illinois, Wisconsin, Idaho, Montana, 
Washington, Arizona, California, Colorado, New Mexico, and Utah 
(USBOM 1976; Barr Engineering Co. et al. 1980). 





Silver 


Silver, a critical element in our national economy, is a 
major industrial metal, the physical properties of which make it 
desirable for a variety of uses. It is extremely ductile and 
malleable, it has the highest electrical and thermal conduc- 
tivity of all metals, its compounds are highly photosensitive, 
and it is stable in air and water except for tarnishing when 
exposed to sulfur compounds. Adequate, low-cost substitutes are 
very difficult to find (Brobst and Pratt 1973). 


The largest single use of silver in 1979 was in the photo- 
graphic industry which accounted for 39% of consumption (USBOM 
1980). Photography is based almost entirely on light-sensitive 
silver halides derived from silver nitrates and related com- 
pounds which provide unsurpassed —* clarity. Processes that 
do not require silver have been developed for black and white 
photography, but they are not adaptable to color films (USBOM 
1976). Other major users of silver are: electrical and elec- 
tronic components, 25%; sterlingware and electroplated silver- 
ware, 15%; and brazing alloys and solders, 8% (USBOM 1980). The 
remaining silver consumed includes the manufacture of jewelry, 
arts, and crafts, and use in medicines, dentistry, mirror backing, 
3 catalysts, coinage, and nuclear contro! rods (USBOM 


Due to its economic and industrial importance, and the 
general lack of adequate low-cost substitutes, the United States 
and the rest of the free world are confronted with the long-range 
problem of a serious imbalance between consumption and new 
production (Brobst and Pratt 1973). In 1979, estimated U.S. 
imports of silver amounted to 45% of consumption, and, as of 
1973, a major worldwide imbalance of more than 100 million 
ounces of silver per year existed between production and consump- 
tion. The deficit between domestic production and consumption 


trurmerly was partly filled by releases from U.S. Treasury stocks, 
but these reserves are now depleted. This deficit must be made 
up from liquidation of private stocks, reclaimed silver, imports, 
increased new production, or use of substitutes for silver 
(Brobst and Pratt 1973). 


Domestic silver production in 1979 was estimated at 38,3 
million troy ounces. Major producing states were: Idaho, 48%; 
Arizona, 19%; Colorado, 8%; and Utah, Montana, and Missouri, 20% 
(USBOM 1980). Identified United States silver reserves are 
estimated to be 1.5 billion troy ounces. Geological evidence 
predicts another 4.2 billion ounces of other silver resources 
(USBOM 1976). 


Depending on the characteristics of the deposit, silver is 
mined by open pit methods or subsurface shafts and drifts (USBOM 
1976). Approximately 66% of primary silver production in the 
United States was a byproduct of copper, lead, and zinc mining 
(USBOM 1980). In fact, about two-thirds of the world's silver 
reserves and resources are a byproduct of copper, lead, zinc, 
and sulfide production, while veins in which silver is the main 
coproduct supply the remaining reserves and resources. Silver 
is also commonly found with gold, but this accounts for only 1% 
of domestic production. Within the United States, the only 
other important byproduct of silver mining is antimony, which is 
found in the Coeur d'Alene area ta Idaho (USBOM 1976). 


Map 11 are 14). See section on Copper for discussion 
of the map data bas. 


Additional counties in Missouri containing silver deposits 
of concern to FWS but not shown on Map 1] are listed in Appendix 
C (R. Welford, FWS, Twin Cities, MN, pers. comm.). 
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Figure 14. Counties contain‘ng silver deposits. 














Uranium 


Uranium is a silvery-white metal that consists of three 
semistable radioactive isotopes -- U?°®, U235, 23%, The 
fission of U235 releases large amounts of energy making it a very 
important energy source for use in nuclear reactors. One pound 
of U;0, (processed ore) produces the heat equivalent of about 
eight tons of coal (Brobst and Pratt 1973). Byproducts and 
coproducts of uranium include vanadium, molybdenum, copper, 
gold, rare earths, and yttrium. Uranium is also a byproduct of 
wet-process phosphoric acid in phosphatic fertilizer production 
in central Florida (USBOM 1976). 


At the end of 1971, the identified recoverable resources in 
the United States totaled 273,000 tons of U,0,. Domestic hypothe- 
tical recoverable resources as of that date are estimated to 
total about 500,000 tons. Other resources were deemed not 
economically recoverable by 1972 technologies (Brobst and Pratt 
1973). Most known United States uranium resources are located 
in the west, as are all operating mills and mills planned for 
operation by 1983. Through 1977 the western portion of the U.S. 
has accounted for 99% of U,0, production, 100% of the reserves, 
and 93% of the potential resources. Production for meeting 
uranium needs by the year 2000 will be centered primarily in 
New Mexico and Wyoming, and to a lesser extent in Utah (Horak 
and Olson 1980). 


In general, uranium mining involves conventional open pit 
or underground mining techniques (USBOM 1976}. These processes 
are estimated to account for 87% of U,0, production in the year 
2000, while solution mining is expected to account for 5%. It 
is estimated that mining of uranium up to the year 2000 will 
have disturbed approximately 53,100 hectares (132,750 acres). 
When exploration, milling, and tailings are included, the esti- 
mated total land d‘sturbed will be 828,000 hectares (2,070,000 
acres). However, 92% of this total will be from exploration and 
is considered minor and temporary (Horak and Olson 1980). 


One of the breakdown products of U?3® is Rn?22, a radio- 
active isotope of radon. Rn??? breaks down to metals which are 
easily deposited in the respiratory tract or otherwise absorbed 
by organisms. Radiation effects on the biota include mortality, 
chromosomal aberrations, and reduc:d fecundity. Ruminants are 
particularly susceptible to radioactive exposure from contami- 
nated plants which can absorb radioactive substances via root 
systems or via atmospheric fallout. In addition selenium and 


vanadium from uranium mines can be accumulated by plants. 
Drinking water for wildlife may also contain elevated radioac- 
tivity (Horak and Olson 1980). 


Precipitation on ore and waste rock piles and on exposed 
rock surfaces can produce runoff with leached uranium, radium, 
selenium, molybdenum, vanadium, increased acidity, and diverse 
salts (NAS 1979; tiorak and Olson 1980). 


In situ solution mining as practiced in several Texas and 
Wyoming operations (NAS 1979) should not directly affect aquatic 
resources as wastes are usually disposed of in bottom-sealed 
evaporation basins. However, aquatic resources potentially may 
be affected due to groundwater contamination via seeps and 
springs (Horak and Olson 1980). Radon in exhaust air from 
underground mines or wind-borne particulates from surface mines 
and waste piles may degrade air quality (NAS 1979). Dust may 
also contain radioactive uranium, thorium, and radium, and trace 
elements such as arsenic, lead, selenium, and vanadium. This 
may cause localized effects such as irritation of animal mucous 
membranes (Horak and Olson 1980). 


Reclamation of lands in the west mined for uranium is 
hampered by low precipitation, high evaporation and transpira- 
tion, a short growing season, and poor soil. Uranium tailings 
are usually very fine and difficult to stabilize. Overburden or 
interburden spoils can be acidic making revegetation very diffi- 
cult (NAS 1979), 


ae 12 (Figure 15}. Uranium resources were defined using 

the 1 map comp yy the National Uranium Resource Evalua- 
tion (NURE) project (USDOE 1980, p. 15). The map shows loca- 
tions of uranium deposits based on the reliability of the infor- 
mation. In this study, county occurrences of “probable and/or 
possible potential resources" were not included. Counties 
included contain either known reserves or potential resources. 
The potential resources include probable deposits (those occurring 
in known productive uranium areas) and possible deposits (those 
in which the formations or geological setting are favorable for 
uranium deposits) (USDOE 1980, p. 2). The resulting county-level 
map was compared against a map depicting productive uranium 
mines (SAI 1980c). There was generally good agreement except 

for some isolated occurrences and mines outside of the regions 
shown on the USDOE map. 
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Figure 15. Counties containing uranium deposits. 
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Appendix C 


Counties in the conterminous United States awd associated IRPs and minerals. "X" indicates the 6 
presence of a mineral deposit based on the primary data scurce(s) for a given map; "*" indicates 
other deposits of concern to FWS. 


Minerals: COAL (1 = <1,000 tons, 2 = 1,000-100,000 tons, 3 = >100,000 tons); LU = copper; GT = 
geothermal resources (1 = >150°C, 2 = 90-150°C, 3 = <90°C); AU = gold; FE = iron; MO = molybdenum; 
NI = nickel: 0 S = oi] shale/tar sands (1 = oi] shale, 2 = tar sands, 3 = both); PEAT (1 = Class I 
resource, 2 = Class II resource); P = phosphate; AG = silver; U = uranium. 


FIPS STATE NUMBER and FIPS CO are Federal Information Processing Standards state and county code 
numbers, respectively. 
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eres co courTY rrp coal co — ad re nO aI o_s PEt p ac 0 #IPS_CC 
001 AUTAUGA as 001 
003 BALDWIN 28 003 
a9 
So 
005 BARBOUR a9 2 cos 
007 BBB * 1 1 007 
009 SLOUNT 1 1 cog 
011 BULLOCK a9 ot 
013 BUTLER * c13 
015 caraooe c3 
017 CHAYBERS C17 
019 CHREROKPE * 019 
021 CHILTCR aq 021 
023 CBocTat a9 2 ¢23 
925 CLARKE as * ¢25 
027 cLaY r 1 1 027 
029 CLEBURNE 1 1 ¢29 
031 Corres aa ¢31 
033 COLBESt rT) 2 ¢33 
035 COBRC SK ac * ¢35 
037 coosa a9 €37 
039 COVIEGTON 69 039 
oat CRERSBAT ae 2 oat 
00) COLLSAN 2 2 ca3 
oes DALE 89 1 as 
087 DALLAS a9 087 
089 D? KALS as 1 1 cag 
6« 
051 PLaORE a9 cst 
05? escanaora a9 cs3 
055 eroran * 1 css 
057 PAYeTTe 2 cs? 
059 PRAUKLIN as * 1 2 0s9 
061 Geneva a9 06t 
063 GREeene a9 063 
065 GALE 065 
067 AER * C67 
069 nOOSTOR ces 
071 JacKrsos ae 2 1 1 C7 
ee 
073 JEPPPRSOR 2 1 J ¢73 
075 Lamar * o7s 
077 LAGDERDALE as 1 077 
68 
679 Lawrence as * 2 c79 
081 Lee cet 
083 LISesToNE ae 1 ce3 
08s LOwNDES a9 ces 
087 BACON a9 ce? 
089 SADISON as x 1 ces 
091 RARERGO 89 2 cot 
093 maRros 2 ¢93 
095 SaRSBaLt as * 1 t cos 
097 AOBILE 28 c97 
a9 
50 
099 RONROE a * cos 
101 ROBTCORERY 89 10) 
103 RORGAS aa * 2 103 
105 PrRRY 105 
107 PICKENS 107 
9 PIEP a9 2 109 
111 RABDOLPR 11 
113 ROSSELL 113 
15 St CLAIR a9 1 1 115 
117 SHELBY ao 1 17 
119 SOMTER a9 1 119 
121 TALLADEGA a9 1 121 
123 TALLAPOOSA a9 x 123 
125 TOUSCALCOSA 2 125 
127 TALKER 2 127 
129 @ASHI BGTON a9 129 
131 eILcor a9 2 131 
133 VIBSTOR 1 133 
-- ~ ----- FIPS STATE HUNBER<=08  STATEARIZONA 
FIPS_CO COUNTY rep COAL co G_t a0 rE 90 aI os PRAT * ac 0 trPs_cc 
001 APACHE 13 2 3 1 cot 
25 
28 
003 COCHISE 13 x 2 x r 1 1 003 
60 
005 COCONT RO 13 2 x r x 1 005 
28 
007 GILa 13 x r 1 1 1 * 007 
28 
009 GRARAN 13 r 2 r coe 
28 
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YIPs_co coreri 1mP coaa co e au re so 68f o era ac PIPS_CO 
on GRERULEE 13 7 2 1 r 1 on 
28 
013 wasrcopa 13 1 1 z 1 c13 
28 
01s ROEAVE 3 x 3 * r 1 01s 
017 va vaao 13 2 1 x cw 
25 
78 
019 praa 13 1 J x r 5 019 
60 
021 PIBAL 13 x 3 1 J x 1 ¢21 
28 
023 SASTA CROZ 3 z Y 1 1 ¢23 
02s vavapar 13 Y 3 J 1 x r 25 
28 
027 rosea 13 r 3 1 1 1 er 
28 
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etes co CourT?T me 8 86coat co r ao rE so er o rar ac res co 
001 arnagsas & t cot 
00) ASELEY 6 c03 
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007 eerron ' co? 
009 poour 1 coe 
oW BeaDLeY « ’ 01 
613 CALBOOS 5 1 c13 
01s CARROLL 1 01s 
017 cRrcor 5 * 017 
69 
019 CLaRK 8 c19 
621 ctar 5 x 021 
623 CLEBoREE 023 
025 CLEVELASD 5 J r ¢2s 
027 coLoasra 5 * — 
029 copearT c29 
631 Crarcenan 5 + ¢31 
033 cCeaeroep ¢33 
035 COITTEEDeEr 5 * c3s 
037 5 * en 
039 DALLAS 5 1 ¢39 
oe pesea : * oat 
r) 
003 orgv 5 * ca} 
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os7 PRAGKLIO 2 ca? 
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os GagLavo . 1 cst 
0s} ceaer © ' 053 
oss XRI 5 1 oss 
0s7 aBaPsTead 5 * cs? 
0s9 HOT SPRT EG 5 1 1 os9 
061 wovann 5 061 
063 TUDEP EBDERCE . * ' C63 
065 rzaep cés 
067 Jacrson 5 s C67 
069 JTPPERSON 5 ¢ c69 
o71 JouBsoN 2 crt 
073 Lavrarerre * ¢73 
ors LAgRence 5 * c7s 
077 Lee « * cv? 
079 LIScoLe 5 * C79 
061 LITTLE erves s 081 
083 Locas 2 ce) 
oes LOpOK 8 6 * ces 
067 #ADTSOB ' oe? 
089 santos ces 
091 STLLEe cot 
093 ST SST SSI PPT 5 : c93 
09s posnos 5 ces 
097 BOVTCORERY 5 ' ce? 
099 wevapa 5 1 cv 
101 sreror ’ 1 
103 ovacerra s ’ 103 
105 PERsy 105 
107 PRILLIPS 5 * 107 
199 PIER 5 109 
111 POIESETT 5 ' 149 
113 1 93 
195 2 195 
"17 PRAIRIE s * "7 
119 PULASET 5 2 119 
121 RASPOL PR * 124 
123 St PRaecrs 5 t 123 
125 SALTER 5 1 ’ 125 
127 2 127 
129 staect ' 129 
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etes eco coem r rep 
131 SEBASTIAN 
133 SEVIER « 
135 smanp 
137 STONE 
139 onTO8 5 
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105 wnITe 5 
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189 reii 
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001 ALAMEDA 3 
8 
7 
56 
003 ALPINE 17 
008 amapoe 17 
007 Borre ® 
7 
009 CALAVERAS 7 
011 coLosa J 
7 
013 cosTea costa 3 
a 
7 
015 DPL ROFTE 18 
56 
017 PL dorade 17 
019 PRESHO « 
30 
021 GLENs 8 
7 
023 RORBOLDT 18 
56 
025 TAPERTAL 28 
75 
027 tero 30 
029 creer 8 
30 
031 RIecS 7 
30 
033 Lace 
035 LASS?e 7 
037 LOS ASGELES 3 
30 
56 
039 MADERA . 
7 
30 
081 — 
56 
083 RARTPOSA 7 
30 
08s APEDOCT RO 56 
087 neeceD 8 
"7 
30 
049 nopoc 18 
35 
0s! RORO 
053 ROUTE RPT , 
30 
56 
085 WAPA 3 
057 wevava 7 
se 
050 OnaNct 3 
56 
061 pLaces * 
17 
se 
063 PLOMAS 17 
065 RIVERSTDE 28 
s 
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. 
17 
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56 
75 
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17 
56 
077 Sis JORQOTE * 


coaL co 6.t an rt #0 aI os Pwr 


* 
* 





PIPS STATE WORBER=06 STATB=CALIPOREIA 
coaL co ¢.t ao re #0 eI os Prat 


017 
cw 


cas 
ce? 


cst 


ess 
os? 














PIPS STATE BORBER=“06 STATP=CALIPORSIA 





APPEWDIZ C (CONTIBUED) 








?PrPs_cc CourTY Ire COAL co 6_f ao re 80 o_s PEAT P ac i] 
7 
079 SAB LUIS OBISPC 3 3 2 
30 
56 
081 Sas SATEO 3 2 
56 
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30 
56 
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$6 
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30 
56 
089 suasta 8 1 2 1 | 1 
7 
8 
091 STERRA 7 2 Y 1 
se 
093 SISKIYOU 8 v x I 
35 
095 SCLARO 3 
a 
17 
097 SOBORA 3 2 
7 
$6 
099 STASISLAUS 8 1 
7 
101 SUTTER 8 
7 
103 TEAARA 8 ‘ 
7 
18 
105 TRINITY 18 1 | 1 
107 TOLAR? 6 I 
30 
109 TOCLO ATE 7 1 1 1 
111 rero ria 3 2 
30 
sé 
113 YOLO 8 
7 
95 Tosa a x 1 
7 
— ⸗ TIPS STATE WORBER"08 srartecororaro 
rres_co court? Tee coaL co G_Tf av re #0 os Peat P ae 0 
001 adas 25 2 1 1 
003 ALAMOSA 2 
005 avaPanos 25 2 1. 
007 ARCHULETA 13 2 3 
25 
009 Baca $9 
ov BEET 59 
013 BOULDER 25 2 1 J 1 1 T 
015 cCwarrte 1 2 I I 1 1 1 
017 CaRYEuRE $9 
ots CLBae cerer 25 I r 1 I 
021 coseJos 25 3 
923 COSTILLA 25 3 t 
025 CROULEY 25 
$9 
027 CostTRre 25 I I 1 
029 DELTA 13 2 1 1 
25 
031 Denver 25 
033 dorores 13 x 1 1 1 I | 
25 
035 DOOGLAS 25 1 1 
037 BeGLe 3 J 1 1 1 
25 
039 ELeERT 25 2 r 
oat BL PASO 25 2 I | 
083 PRERORT 25 2 3 I t 
08s GARFIELD 3 2 3 ' 
2 
oe7 GILPre 25 1 1 1 1 
oe Gran 3 
25 
0s! GOBFTI SOF 3 2 1 2 | t 1 J r 
25 
053 OISSDALE 3 x 1 
2 
oss HOERPAWO 25 2 
0s? JACKsos 13 2 rx 
25 
0s9 JEPPERSOR 25 2 1 1 1 
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PIes_co —_- cost? a) a en a | mG 8  #5PS_cc 

06) crows se 061 
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065 Lace 25 1 1 1 1 cẽẽ 

067 La PLara "3 2 r 3 r z zc 66? 
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o7s Losas ¢7s 
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2 

079 aIeTeAL 13 2 1 1 1 er⸗ 
25 
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2 

083 ROBTETONA 3 2 x ¢e3 

oss ROPTROSE rH 2 r 1 z ces 
2 

087 nopcar 2$ zr cer 

091 ovear 3 2 t 1 t z 1 cot 
25 

09? paer 2s 2 t t 1 zr ¢93 

095 PEILLIPS 9s 

097 Prrere 13 2 2 r r 1 (97 
25 

099 PrOwERS 59 99 

101 PrEBLO 2$ 1 1 101 

103 810 BLANCO 3 3 1 1 103 

105 RTO GRANDE r 3 1 105 

107 POUTT 3 ’ 2 1 r 107 
25 

109 SAGUACHE 25 1 2 1 J 1 1 109 

"1 Sap Joan 13 J J ĩ 11 
25 

119 SAB AICOEL 13 1 1 J 1 1 113 
23 

115 SPDGeICK 115 

117 SOMRTT 3 1 1 1 z 17 
25 

119 TELLER 2$ x 1 : 19 

121 VASETECTON 121 

123 veLD 25 2 r 123 

125 rom 125 
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res eco coeme |) a | a ee) | acitié«EPS_CE 

001 PAIRPIPLD 22 co 
* 

003 HARTFORD 22 1 1 co⸗ 
26 
36 

005 LITCHFIELD 22 1 cos 
6 

007 AIDDLESET 22 1 007 
uw 

009 wee maven 22 co⸗ 
6 

om wee LORDON 20 cn 
26 
6 

013 TOLLAED 26 613 
16 

015 OT EDRAS 6 1s 

ooe-e----- PIPS STATE WORBER©10 STATE*DELAwARE 

eres ce corm mp 060 coat CicOti‘i=T CCP no⏑ er iti acCitiéPEPS_CC 

001 caer 19 001 
$1 

003 wee CASTLE 19 co⸗ 
27 
$1 

005 sosser 19 cos 
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PrPs_co 80 CourT? 1p 
001 SASUr voro⸗ 18 
19 
76 
Pres_co) corrrei 1a? 
001 aLocnoa 
003 Bac $s 
005 aT 2e 
a9 
so 
007 
009 peevaen 2 
28 
a9 
om R 2 
20 
a9 
019 CaLaous a9 
So 
$s 
015 ceanLorre 2 
28 
as 
017 crrevs 2 
a9 
019 cLar 2 
as 
021 COLLIER 2 
a9 
023 couensra “9 
025 pape 2 
28 
as 
627 DE soTo 2 
a9 
029 oxxie 2 
a9 
031 pevaL 2 
28 
a9 
033 BScanera 28 
a9 
$0 
035 PLAGL ER 2 
28 
a9 
037 PRaertre 28 
a9 
$0 
$s 
039 GapspeEn HY 
oe GTLCELIST a9 
00) GLapes 2 
00s em 28 
as 
$0 
007 SA STL TOF “9 
oes napers 2 
as 
051 arepry 2 
033 —RR 
a 
03s BIGHT AEDS 2 
37 STILLS BORCUCE 2 
® 
os9 MOLARS a9 
061 TUDTAN HIVER 2 
28 
a9 
063 JACKSON : : 
068 JEPPERSOD a9 
so 
067 LAPATETTE “9 
069 Lane 2 
a9 
071 Les 2 
20 
a9 
073 —R a9 
$0 
075 Levy 2 
a9 
077 Lreeerr as 
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FIPS STATE BUGRER12 STATBeFLORIDA - 








PrPs_co courrT TR coat co 6.t ao rez B80 ur os Put ® 46 Q ?rPs_cc 


ove AadrIson as 79 
061 SagaTsE 2 1 cet 


083 aarrose 2 
06s GanTre ? 


oe? ROBROS 2 1 ce? 


ce9 Bassad 20 ces 
091 ogaLoosa 26 cot 
093 OR BSC aOREE 2 
oss Onancs 2 


097 OscBora 2 
ove PALA BBACH 2 


101 Pasco 2 2 wt 
103 PIBeLtas 2 103 
105 POLK a 2 


107 porean 2 
109 ST Jones 2 109 


11 ST LOCTE 2 1 1 
413 SASTA POSS 28 43 
5 sapasota 2 1 95 


7 STaTHOLE 2 WwW 


- 
— 
2 
i 

ww 


21 SOCAREEE 89 
423 TAYLOP 89 2 123 


2¢ or roe 128 
27 VOLOSTA 2 127 


129 CAROLLA 26 2 129 
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133 GaShi BCTOR 69 33 
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vrPs_co coorr? Te? COAL co ¢.t ao vs no er 0.3 Peat ’ ae id rPs_cc 
001 APPLIAG 3 J cot 
00) ATEIGSOR co} 
00s sacor $5 cos 
007 sacte “9 co? 
009 BALOUT® cos 
ov Baers ew 
013 Baeroe 13 
015 sarToe Y os 
017 B88 ATLL cw 
o19 Serer 1 cw 
021 sree ¢21 
023 BLECELEY 623 
025 SRAgTLEY ro ' ¢2s 
027 BROOKS ¢27 
629 errar 28 ' 1 ¢29 
38 














CHARL TCR 
CaaTaan 


CHATTAROOCHEE 


Tee coat 


ea 1 


arerteort C (COPTIEDED) 
FIPS STATE SUEBEB-13 


G_t 


~~ 


STAT PeGRORGIA 


53 





Prat 





54 


APPEPDIZ C (COPTIEDED) 
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rres_co courrt rep coat ce ¢_? ao r ac aI os Paar J ac a n1Ps_cc 
161 LIscoLs 1 
63 Lope 4 1 163 
165 Loespss 1 1S 
167 LOePare t 1x 6? 
109 ecoerrit 169 
191 aCIeTcsA 28 1 91 

38 

69 

$s 
193 193 
195 Basrsor 95 
97 aa nose 97 
199 asererrage 199 
201 aILies 69 201 
205 aI TCesLt a9 
707 Roeso8 707 
209 ROPTCOREEY $s J 709 
211 eoecas a1 
213 nveear 6s 313 
217 seeros 317 
219 ocosrr a” 
221 OSLETSORPE 321 
223 PAULDIES 1 222 
225 peace 325 
227 PIcKess 6s 327 
229 prerce $s 1 329 
231 Pree 331 
233 POLE 1 222 
235 PULASEY 235 
297 purean 337 
239 qorraas 22 
201 d a dor oat 
28) SaSDOLPR 383 
206 ® 28s 
287 POCEDALS 787 
209 scuLer 709 
231 scouvsr 8 331 
25) SBaTeoLe a9 323 
235 SPALDIOG 235 
237 stare 387 

a 739 sTeeaet 1 239 
. 261 seerse 361 

26) TALeor 36) 
265 TALIAPERRO 765 
267 TATTSALL 2 J 367 
269 TATLOS 769 
271 TeLrPare 371 
273 TEORELL 373 
275 Te08,s rh) 378 
277 TIFT 377 
279 TOORBS $s ] 3 
201 roers 361 
263 TOSCTL EF $s J 383 
265 Te00P 365 
287 TOseED 
269 Ter1ecs 269 
291 opros 391 
7) opsoe 393 
295 CaLaee +4 1 1 ’ 795 
297 vaLTos 297 
299 saan 8 199 
301 eanese 301 
303 da ant scTor 103 
305 eares 09 J 

$s 
07 esesTar 1 307 
09 eneeLer $$ J 209 
311 earTe 219 
313 ORITPIeLD 6s 1 1 313 
315 eTLcor 248 
17 OrLees 1 217 
319 SILCIESO8 119 
321 soem e9 321 
$10 coLrosecs La) 
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rrPs_co covrrT re? coaL co 6_f ao mt #0 eI os raat 7 ac 0 nes ce 
001 ava ’ J 001 
00) apars ¢ t 2 1 ¢o3 
00s Bappocr cos 
007 onan tare co? 
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